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models for infrared 
emission, 365 
near-infrared map, 366 
near-infrared observations, 
364-67 
objects of radio compact H 
II regions, 367 
total far-infrared flux 
densities, 368 
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total infrared radiation 
from H II region, 368 

what sources do we know? 
364 


introduction, 345-49 


compact H II regions and 
OB star formation, 
346 

compression factor of 107°, 
346 

duration of formation of 
compact H II region, 
348 

H II earlier than OB, 346 

map in **CO, 347 

new class of galactic 
regions, 345 

short history, 345, 346 

masers and compact H II 

regions, 369-76 

general remarks, 369, 370 

hydroxyl masers, 370-72 

maser pump energy, 373 

maser sources, 369 

types of maser sources, 
369, 370 

water masers, 372-75 

water maser sources, 373 

water maser sources and 
star formation, 375 

young maser sources, 370 


molecular emissions 


associated with compact 
H II regions, 375, 376 
blister model and, 376 
molecular clouds larger 
than H II regions, 
375 
new star formation by 
dense regions, 376 
OB associations formation, 
375 
temperature of clouds 
around H II regions, 
376 
total masses of clouds 
around H II regions, 
376 


observations and 


interpretations—general 
remarks, 349-53 
bremsstrahlung, 351 
continuum radiation, 350, 
351 
distances, 349 
effects of significant optical 
depths, 351 
infrared continuum, 350 
plot of rms electron 
density vs linear size, 
352 
radio continuum, 350 
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radio continuum surveys, 
353 

resolution and sensitivity, 
349, 350 

sky surveys, 353 

spectral lines, 352 


OB star formation 377-80 


accretion flow fragments, 
377 

“cocoon star” formation, 
378 

evolutionary scheme, 379, 
380 

formation of OB star 
groups, 377 

individual star formation, 
377, 378 

ionization front movement, 
378 

limitations of theory of 
individual star 
formation, 378, 379 

nuclear fusion heat 
production and grain 
melting, 378 

self-supporting mechanism 
of Elmegreen and 
Lada, 377 

stellar core growing by 
accretion, 377 

theory-observation 
confrontation, 379, 
380 


radio observations, 353-364 


Blaauw’s subgroups, 363 

blister models, 355, 362 

classification of H II 
regions, 353-55 

fusion of adjacent regions, 
362, 363 

group properties, 362, 364 

interaction ionizing stars 
and molecular stars, 
362 

maps of NGC 7538 region, 
363 

new stars associated with 
OH masers, 363 

sample of known 
ultracompact and 
compact H II regions, 
355-61 


Computer image processing, 


113-32 


general digital image 


processing, 132 
images handled in digital 
form, 132 


implementation of Fourier 


synthesis, 118-24 
area density compensation, 
120, 121 
cell summing, 123 


Fourier transform relation, 
118, 119 

Gaussian convolution, 123, 
124 

interpolation, 122-24 

principal response pattern, 
120-22 

principal transfer function, 
120, 121 

ringlobe phenomenon, 121, 
122 

sampling function, 120 

sensitive loci for 
five-element east-west 
array, 121 


radio image formation, 


114-18 

astronomical 
interferogram, 115 

automatic production of 
data, 114 

closed servo loops for 
stabilizing, 114 

complex visibility, 115 

earth rotation aperture 
synthesis telescopes 
table, 116, 117 

earth-rotation synthesis, 
114 

echo power collection, 
114 

fast interferometer 
incorporating 
minimum redundancy 
array, 115 

Fresnel diffraction pattern 
of given pattern, 118, 
119 

image-forming 
radio-telescope, 115 

image scanning by 
paraboloid, 114 

internal monitoring of 
phase paths, 114 

mathematics of aperture 
synthesis, 117 

minimum redundancy 
principle, 115 

sensitivity diagram of 
Fourier transform 
plane, 116 

three-dimensional volume 
vector displacements, 
117 

two-dimensional array of 
antennae, 115 

Wild’s synthesis 
instrument, 118 

Zernicke’s complex degree 
of coherence, 115 


restoration, 124-27 


CLEAN, 125 





map cleaning and 
maximum entropy, 
124-26 
restoration in the presence 
of noise, 126, 127 
tapering, 124 
speckle inteferometry, 127-30 
Airy disks, 128 
autocorrelation role, 129 
brief exposure gains, 128 
highly magnified 
photographs of two 
stars, 130, 131 
modulation transfer 
function, 129 
X-ray imaging, 131, 132 
coded apertures, 131, 132 
grazing optics, 131 
pinhole camera use, 131 
restoration and, 131 
Copernicus 
stars of 
winds of, 284 


D 


Dark matter 
around elliptical galaxies, 156 
dark envelopes of galaxies, 
165, 166 
distribution of 
light matter and, 162 
evidence for strong, 182 
missing matter of galaxies, 
171 
suggested forms and roles of, 
183 
David Dunlap Observatory 
(DDO) 
line-blocking methods and, 
313 
Digital imaging techniques, 
189-209 
digital image tubes, 207-9 
detection of photo- 
electrons, 207 
Digicon, 207, 208 
Digicon for spectropolar- 
imetry, 208 
EBS-CCD’s, 209 
electron bombarded silicon 
mode, 207 
photon-counting array 
photometer, 209 
Reticon use as electron 
counting device, 208 
self-scanned Digicon, 208, 
209 
hybrid systems, 201-7 
book on image photon 
counting system, 202 
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centroiding and sampling 
time control, 203 
electron gain of KPNO 
system, 204 
intensifier-camera tube 
systems, 202-5 
intensifier-image dissector 
systems, 206, 207 
intensifier-silicon array 
system, 205, 206 
Lick image dissector 
scanner, 206 
limits of systems, 202 
Nocticon, 203 
single photoelectron 
recording efficiency, 
202 
University College Image 
Photon Counting 
System, 203 
introduction, 189, 190 
design to increase accuracy 
of observational data, 
189 
low light-level detectors, 
190 
recording images in digital 
form, 190 
symposia on, 190 
transfer of flux of optical 
output to digital 
output, 189 
overview of types of digital 
systems, 190, 191 
Detective Quantum 
Efficiency, 191 
digital image tubes, 191 
hybrid systems, 191 
pulse counting of photo- 
electric events, 191 
secondary-electron-conduc- 
tion target tubes, 190 
silicon arrays, 190, 191 
television camera tubes, 
190 
types of dectectors, 190 
silicon arrays, 196-201 
breadboard camera for 
planetary observation, 
200 
CCD camera for 
evaluation by 
astronomers, 200 
CCD’s for imaging from 
space, 200 
“channel stops” and, 199 
charge-coupled devices 
(CCD’s), 198-200 
charge-injection devices 
(CID’s), 201 
different types of, 196 
history of, 199, 200 
Reticons, 197 


scanning solar disk, 197 
self-scanned photodiode 
arrays, 196-98 
television camera tubes, 190, 

192-95 

beam-landing character- 
istic, 192, 193 

camera tube output, 192 

EBS/SIT camera tubes, 
195 

electron bombardment 
silicon tubes, 195 

photometric difficulties of, 
192 

SEC camera tubes, 194 

silicon dioxide vidicon, 193 

silicon target vidicon, 194, 
195 

“Videcon” camera tubes, 
193 

video signal, 193 

Dust, interstellar 
see Interstellar dust 
Dwarfs, white 
masses of, 137 


E 


Extragalactic sources infrared 
emission, 477-508 
infrared emission from 
elliptical galaxies, 
477-83 
CO index use, 482, 483 
collapse enrichment 
models, 480 
color differences between 
galaxies, 480, 481 
color versus metallicity 
relations in a galaxy, 
480 
composite nature of 
spectral energy 
distribution, 479 
elliptical galaxies matter 
form, 478 
evolution of ellipticals, 
481-83 
first survey of wavelengths 
of extragalactic 
objects, 478-83 
general properties, 477, 
478 
infrared excesses of 
elliptical galaxies, 478 
lifetime of galaxies, 482 
metal content of ellipticals, 
479 
metal-rich models, 479-81 
mid-infrared studies of 
ellipticals, 483 
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models with near-infrared 
data, 479 
near-infrared studies of 
late-type stars, 478-83 
small dispersion of 
near-infrared colors in 
ellipticals, 479 
surveys measuring 
narrow-band indices, 
478 
wavelengths and spectral 
types, 478 
infrared emission from spiral 
and irregular galaxies, 
483-93 
near-infrared observations of 
late-type stars, 484-91 
bright galaxies with 
silicon, 491 
examples, 485-90 
infrared spectra of 
extragalactic sources 
chart, 487 
K-L color, 484 
lack of dust, 486 
Magellanic irregulars, 485 
mapping of M82 at 10 um 
and 2 pm, 488 
mass-to-luminosity ratios, 
484 
M82 as example, 486-90 
NGC 253 as example, 490 
nucleus of the galaxy, 488 
population changes, 485 
rapid star formation, 489 
spiral galaxies classes, 485 
V-K color, 488 
other infrared studies, 507 
quasistellar objects, 501-7 
Balmer lines, 505 
BL Lac-type objects, 
similar, 505, 506 
Compton collisions and, 
503 
examples, 501-3 
general properties of, 
503-7 
highly redshifted objects 
and, 501 
high visibility of, 503-5 
nonthermal continuum of, 
501 
recombination theory, 502, 
505 
table of infrared 
observations, 504 
Seyfert galaxies, 493-501 
correlation of infrared and 
radio fluxes of, 500 
dust and emission, 495 
examples, 495-99 
general properties, 499-501 
infrared properties survey 
of, 499, 500 


infrared variations of 
extragalactic sources: 
plot, 494 
minimum time scale for 
thermal sources, 494, 
495 
models of Seyfert galaxies, 
496-98 
MRK 231 and MRK 509, 
499 
nature of emissions of, 493 
NGC 1068, 495-98 
NGC 4151, 498, 499 
thermal radiation by dust, 
500 
variability in emissions, 
493-95 
Galaxies 
atlases of interacting and 
peculiar galaxies, 159 
globular clusters in 
see Globular clusters in 
galaxies 
Galaxies, binary 
dynamics of, 165 
mass-to-light ratio of, 156-66 
Galaxies, dwarf 
globular clusters in, 259-62 
Galaxies, dwarf emission-line 
infrared sources in, 493 
Galaxies, dwarf spheroidal 
Milky Way mass and, 139 
Galaxies, early-type 
binary mass determinations 
for, 163 
mass-to-light ratios: table, 
156 
Galaxies, elliptical 
dark matter around, 156 
mass-to-light ratio of, 153 
mid-infrared studies of, 483 
models of, 152 
motions of, 152 
M 87 
bright central spike of, 153 
Galaxies, giant radioelliptical 
infrared emission by, 492 
Galaxies, infrared 
infrared emissions of, 
478-508 
Galaxies, masses and 
mass-to-light ratios, 
135-83 
coda, 182, 183 
cold self-gravitating 
asymmetric disks, 182 
hydrogen in spiral 
envelopes, 182 
invisible mass in universe, 
182 
warps driven by triaxial 
dark halo, 182 
dynamics of small groups of 
galaxies, 166-75 


analysis of galaxy 
positions, 166 
compact groups, 173 
crossing time, 167, 168 
data contamination, 172 
group entering virialized 
regime, 168 
grouping of galaxies, 166 
group membership 
definition, 169 
group velocity dispersions, 
171 
listing of nearby 
associations, 167 
Local Group movements, 
173-75 
mass-to-light ratios, 
168-72 
mass-to-light ratios of 
small groups: table, 
170 
missing matter outside 
galaxies, 171 
model of universe, 172 
N-body simulations of 
galaxy clustering, 171, 
172 
redshifts for sample of 
galaxies, 169 
uncertainties in analysis, 
168, 169 
virial analysis of groups, 
169 
galaxy masses from cluster 
membership, 175-83 
cluster velocity dispersions, 
180 
computer N-body models 
of clusters, 178 
contamination assessment, 
179, 180 
core fitting procedures, 180 
core-fitting procedure 
difficulties, 178 
dynamical model for cen- 
tral mass-density, 178 
internal kinematics applied 
to, 175 
ionized gas correction, 181 
luminosity functions of 
clusters, 179 
mass study of core regions, 
177 
other methods of mass 
determination, 177-79 
radial mass segregation, 
181, 182 
uncertainties, 179 
unseen matter in clusters, 
181 
virial mass exceeding 
expected masses, 175 
virial theorem and, 176, 
177 





X-ray observations of 
cultures, 180 
introduction, 135, 136 
“massive halo”, 136 
mass-to-light ratio system, 
136 
“missing mass” in clusters 
of galaxies, 135 
substantial mass outside 
visible galaxies, 135, 
136 
mass-to-light ratio of binary 
galaxies, 156-66 
associations in groups, 164 
binary mass determina- 
tions, 163 
binary mass-to-light ratios 
in spiral-spiral pairs: 
table, 160 
dark matter in envelopes 
of galaxies, 165 
derivation of masses and, 
156 
E pairs, 164 
Kolmogorov-Smirnov test, 
164 
spherical halos around 
close binaries, 165 
tidal tails in intersecting 
galaxies, 166 
mass-to-light ratios of E and 
SO galaxies, 151-56 
dark matter around 
elliptical galaxies, 156 
data conflict concerning, 
153 
elliptical galaxies, 152, 153 
global virial theorem 
application, 151, 152 
mass-to-light ratios of 
early-type galaxies: 
table, 156 
M/L from nucleus 
outward, 155 
possible black hole in M 
87, 155 
SO galaxies, 152 
thermal bremsstralung, 155 
velocity dispersion 
determination, 153 
X-ray emission by M 87, 
155 
mass-to-light ratios of spiral 
galaxies, 140-51 
blue mass-to-light ratios 
within Holmberg 
radius, 148 
compilation of rotation 
curves, 144 
dark material detected, 147 
galaxies with extended 
rotation curves list, 
142, 143 


SUBJECT INDEX 571 


Holmberg radius of 
galaxies, 141 

Larson-Tinsley model, 150 

mass-to-light ratios, 
147-50 

mass-to-light ratios within 
the Holmberg radius: 
table, 150 

model of galactic motion, 
146, 147 

movements inside galaxies, 
146 

observed rotation curves, 
141-47 

Ostriker-Caldwell model of 
Milky Way, 150 

questioning of local 
circular velocity, 146 

radio 21-cm observations, 
143 

rotation curves study, 140 

rotation velocity 
distribution, 141-43 

sidelobes of galaxies, 146 

Toomre disk models, 141 

varieties of rotation curves 
of galaxies, 144, 145 

warps modeled, 146 

Milky Way, 137-40 

error sources, 137 

faint-star luminosity 
function, 137 

galactic acceleration 
gradient, 138 

local mass density, 138 

Milky Way mass, 138-40 

nonluminous matter 
beyond Sun’s orbit, 
140 

other estimates of mass of, 
140 

solar neighborhood, a 
benchmark in M/L, 
137, 138 

white dwarf contribution, 
137 


Galaxies, Seyfert 


infrared emission by, 
493-501 


Galaxies, SO 


mass-to-light ratio of, 152 


Galaxies, spiral 


hydrogen distribution in, 141 


Galaxies, spiral and irregular 


infrared emission from, 
483-95 


Galaxies, Virgo 


globular clusters in, 262, 263 

Globular clusters, giant 
energy distribution of, 
313 


Globular clusters in galaxies, 


241-72 


Andromeda galaxy, 256-59 
blue low-metallicity of, 258 
chemical composition of, 
257 

cluster velocities of, 258 

comparison with Galaxy, 
257, 258 

density profile for, 259 

final list of, 256 

fundamental data, 256, 257 

“inner” vs “outer” color 
measurements, 257, 
258 

intrinsic luminosity 
distribution, 258 

kinematics of, 258 

M 31 and clusters, 256 

photoelectric UBV 
measurements, 257 

photographic photometry, 
257, 258 

radial-velocity 
measurements, 257 

systematic properties, 
257-59 

total number of M 31 
globular clusters, 259 

beyond the Local Group, 
262-65 

color-magnitude plot of, 
262 

globular clusters in Virgo 
galaxies, 262, 263 

multicolor photometry of, 
263 

outside the Virgo system, 
263-65 

spectrophotometry of, 263 

dwarf galaxies, 259-62 

colors and metallicities of, 
261 

colors of, 260 

Fornax system, 261 

galactocentric distances 
for, 259, 260 

photometry of, 261 

properties of: table, 260 

Galaxy, 243-51 

apparent visual distances 
for, 243-44 

catalogue of raw data and 
comment, 243-45 

cluster identification, 
243-45 

distribution of physical 
properties with 
distance, 247-51 

foreground reddening, 
241-46 

fundamental data, 243-47 

galactocentric distance of, 
244-46 

globular-cluster luminosity 
distribution, 249 
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heavy-element abundance 
as function of 
distance, 247, 248 
heavy-element abundance 
estimates, 244-46 
integrated absolute 
magnitudes of, 
243-45 
integrated apparent colors 
of clusters, 243-46 
internal dynamical 
relaxation driving 
clusters, 249 
kinematics and orbital 
characteristics, 
249-51 
King structural 
parameters, 244-46 
mean physical properties 
of Galactic globular 
clusters: table, 249 
metallicity index vs 
galactocentric 
distance: plot, 248 
number of clusters per unit 
volume, 247 
orbit measurement models, 
250 
overall rotation speed, 251 
point-mass model for 
Galaxy, 250 
population and space 
distribution, 247 
“Population III”, 248 
protogalactic enrichment 
models, 247 
radial velocity of, 244-46 
“smoothing” effect, 250 
unfound clusters, 247 
velocity ellipsoid (orbit 
eccentricity 
distribution), 251 
general features of 
globular-cluster systems, 
265-72 
density profiles, 270-72 
globular cluster formation, 
271 
luminosity functions, 
267-70 
total populations and 
dimensions of parent 
galaxies, 265-67 
introduction, 241-43 
largest system of globular 
clusters: figure, 242 
Magellanic clouds, 251-56 
color-color diagrams for 
globular cluster 
systems, 254 
color criterion, 253, 254 
globular clusters in table, 
252 


globular vs open clusters, 
253 
integrated UBV colors as 
primary classification 
criterion, 253 
mean luminosity of 
clusters, 255 
old globular clusters, 255 
populous blue clusters, 
254, 255 
red clusters, 253-55 
“young globular clusters”, 
255 
nonhomogeneity of metal 
abundances in, 309-41 
Gold 
role in photographic process, 
45 


H 


Heavy elements 
interstellar depletion of, 
95-100 
Helium 
abundance in stars, 321, 324 
ionization of 
photons and, 83 
Hydrogen 
convection zone of, 539 
mean density of, 138 
H II regions, compact 
see Compact H II regions 


I 


Infrared emission of 
extragalactic sources 
see Extragalactic sources 
infrared emission 
Infrared spectroscopy of stars, 
9-37 
composition of stellar 
atmospheres, 20-29 
atlas of solar photosphere 
and sunspot spectra, 
2i 
atomic and molecular 
spectral features, 
21-25 
carbon stars, 27, 28 
CO band analysis, 26 
compounds studied, 24, 25 
elemental abundance 
analysis from IR 
spectra, 25-28 
isotopic ratios, 28, 29 
M dwarfs, 26, 27 
molecular bands in 
infrared spectra of 
cool stars, 22-24 
molecular equilibrium 
abundances, 21 


oxygen-rich giants, 26 
temperature determination, 
25 
3, 1-zm C star band of 
spectra, 21 
introduction, 9 
IR sky surveys, 9 
rapid technological 
expansion, 9 
physics of stellar 
atmospheres, 17-20 
departures from local 
thermodynamic 
equilibrium, 20 
dynamics in stellar 
photospheres, 19 
flux distribution modeling 
techniques, 18 
high-resolution spectra of 
with 
vibration-rotation 
bands, 18 
IR spectrum predicting 
stellar temperatures, 
18 
mass motions of stars, 19 
model of scattering on 
dust grains, 17 
model of spectrometric 
flux distribution, 17 
over-ionization and, 20 
stellar chromospheres, 18 
stellar temperatures and 
temperature profiles, 
17-19 
spectral classification, 10-17 
atlases of infrared stars, 
10, 11 
carbon monoxide in cool 
stars, 11 
carbon-rich stars, 17 
carbon star spectra, 12 
classification of hot stars, 
13 
composite spectra, 13, 15 
cool stars, 10-13 
cyanide in cool stars, 13 
dust signatures of 
circumstellar shells, 
12 
eruptive variable stars, 14 
hot stars, 13 
“ice” bands in cool stars, 
12 
“ice” to silicate absorption 
ratio, 16 
IR spectral types, 11 
mass loss of cool stars, 11 
nature of composite stars, 
13, 14 
obscured stars, 15, 16 
obscured stars in 
catalogues, 17 





photometric systems to 
measure CO and 
H,O, 17 
shared IR spectral 
characteristics, 14 
silicates in cool stars, 12 
star populations, 16-17 
symbiotic stars, 13, 14 
stellar recycling, 29-36 
cool stars, 33-35 
“coronal” lines in 
spectrum of novae, 36 
dust particles in envelopes 
of cool stars, 33 
evolution of novae, 35 
grain composition, 36 
grain-sized candidate 
minerals, 36 
grain types in cool stars, 
33 
grain types of stars, 29 
hot stars, 31-33 
modification of compo- 
nents of, 32 
novae, 35, 36 
silicate optical depths in 
cool stars, 34 
“veiling” of optical lines of 
cool stars, 34 
young stars, 30, 31 
Interobservatory Densitometer 
Calibrational Plates 
step wedges of, 48 


International Ultraviolet 


Explorer satellite 
extinction curves from, 82 
Interstellar dust properties, 

73-108 
composition of grains, 106-8 

coatings of grains, 107 

diatomic oxides of various 

elements from grains, 
107 
graphite grains injected 
into medium, 106 
lattice deficits in small 
crystal forming 
grains, 108 
“mystery of missing 
oxygen”, 107 
nitrogen and oxygen 
abundances, 107 
origin of the bump, 108 
polarization of bump, 106 
satellite measurements and 
OH radicals, 107 

silicates injected by 
oxygen-rich M stars, 
106 

water as coating of grains, 
107 

diffuse interstellar features, 
104-6 
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asymmetrical features of, 
105 
compilation of diffuse 
feature measurements, 
104, 105 
polarization characteristics, 
106 
distribution of dust and 
dust-to-gas ratio, 85-87 
atomic hydrogen-to-color 
excess ratio, 87 
dust-total hydrogen ratio, 
86, 87 
extinction maps and, 85 
gas column densities and 
interstellar redding 
core correlation, 86 
heavy element depletion, 
95-100 
accretion and cloud 
parameters, 99, 100 
column densities of 
interstellar species, 
95, 96 
cosmic abundances, 95 
depletion results evaluated, 
96 
depletion vs condensation 
temperature in 
reddened stars, 97, 98 
detailed study of a few 
clouds, 96-98 
elements and cloud 
velocity, 98 
grain destruction and 
cloud velocity, 99 
limited number of elements 
toward many stars, 
98 
oxygen depletion, 96 
Routy-Spitzer effect, 98 
Snow’s hypothesis re 
depletion, 98 
solar abundances, 95 
interstellar extinction, 75-84 
absorption of helium- 
ionizing photons, 83 
average normalized 
extinction curves, 
75-77, 81, 83, 84 
Becklin-Neugebauer object 
and, 78 
diffuse vs molecular 
clouds, 78 
fine structure and, 77 
helium-to-hydrogen ratios, 
83 
hydrogen Pasches lines 
and, 80 
infrared and visual 
extinction, 26-81 


interstellar 
polysaccharides, 79 
multicomponent grain 
models, 82 
regional differences in UV 
extinction, 82 
silicates and, 79, 80 
stars at Galactic center, 
78, 79 
ultraviolet extinction, 
81-83 
wavelength dependence of, 
76 
interstellar polarization, 
92-95 
circular polarization, 94, 
95 
diffuse interstellar bands, 
93 
disordered silicates, 94 
linear polarization, 92-94 
interstellar extinction, 93 
silicate grains and, 93, 94 
wavelength dependence of 
polarization, 94 
introduction, 73-75 
“coronal” phase of 
interstellar medium, 
213 
review of pertinent books 
and papers, 74 
light scattering by grains, 
87-92 
backscattering, 88 
backscattering of dust 
phase, 90, 91 
brightness across 
“Thumbprint 
Nebula”, 91 
calcium and observed 
values, 87, 88 
diffuse Galactic light, 
88-90 
Henyey-Greenstein phase 
function, 88 
optically thick slab of dust, 
91 
plane-parallel model, 91 
scattering from dust 
clouds, 90-92 
sky brightness and, 89 
stellar radiation field 
model, 90 
surface brightness of dark 
nebulae and, 90 
UV spectral regions and, 
89 
thermal emission from 
grains, 100-4 
carbon and silicon carbide 
emission, 103 
carbon star emission, 103 
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disordered silicates and, 
101 

emission from gaseous 
nebulae, 100-3 

emission of dust from stars 
and novae, 102-4 

galactic plane dust 
concentration, 102 

heating by graphite grains, 
100 

heating by silicate grains, 
100 


hot circumstellar shell 
dust, 100 

hydrogen-ionizing 
radiation from stars, 
101 

M stars inject silicate 
grains into interstellar 
medium, 102 

rate of formation of 
planetary nebulae, 
101 

shape changes in entities, 
102 

silicate feature in comets, 
104 

spectroscopic features 
produced by 
interstellar dust, 103 


Interstellar medium, violent, 


213-38 
introduction, 213-15 

classical view of, 213 

coronal gas inside 
supernovae, 214 

interconnected “tunnel” 
system of coronal gas, 
214 

“interstellar bubble”, 214 

shocks in, 213, 214 

state of interstellar 
medium, 214 

“violent interstellar 
medium”, 214 

observational evidence, 215 

Barnard’s loop, 222 

coronal gas, 217 

distribution, morphology, 
and kinetics, 220-22 

element depletion, 219, 
220 

expanding negative-velocity 
sheets of material, 
221, 222 

general picture of 
interstellar medium, 
221 

grains releasing calcium, 
219 

grains under duress, 218 

Gum Nebulae and Vela 
supernova remnant, 
222 
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high-velocity gas, 215, 216 
high-velocity interstellar 
clouds, 216 
hot coronal gas and diffuse 
X-ray background, 
220 
interstellar gas in cold 
clouds, 217 
ionization equilibrium, 219 
moderate-velocity cloud 
components, 219 
nonstellar origin of gases, 
217 
origins of velocities, 215 
physical characteristics of 
observed gas, 216-18 
preponderance of velocity 
component negative 
at high latitudes, 215 
specific velocity 
components, 216 
spectra of hot stars, 220 
sulfur in high-velocity 
clouds, 219 
supernovae possible origin, 
217 
total kinetic energy, 222 
ultraviolet studies, 216 
warm and cool compo- 
nents of clouds, 220 
zone following shock, 225, 
226 
theoretical interpretation, 
222-38 
blast wave causing 
supernova shell, 231 
calculations of gas of 
cosmic abundance, 
223 
classical conductivity 
formula breaking 
down, 228 
depletion of refractory 
elements, 227 
destruction of grains, 225 
determination of 
temperature of 
coronal gas, 224 
energy sources, 230-35 
evolution of bubble, 
232-34 
evolution of massive stars 
helped by stellar 
winds, 232 
global models, 235-38 
grains accelerated by 
betatron mechanism, 
227, 228 
grain destruction and a 
passing shock, 227 
heating rate of coronal gas, 
224 
high Mach number and 
gas density, 225 


high-velocity shocks, 
225-28 

inelastic collisions of 
thermal ions, 224 

interstellar bubbles, 233, 
235 

ionization and emissivity 
of coronal gas, 
223-25 

ionization equilibria of 
optically thin plasma, 
223 

ions produced by 
downstream cooling 
region 227 

model of stationary, 
plane-parallel 
interface, 228 

physics of conductive 
interfaces, 228-30 

radiative cooling as sink at 
interface, 229, 230 

relative cooling zone 
structure, 226 

repeated supernovae as 
sources of energy, 
234, 235 

saturation of thermal 
conduction, radiative 
losses and finite cloud 
radius, 229 

stellar winds as sources of 
energy, 231-34 

stellar wind velocity, 232 

structure and evolution of 
“interstellar bubble”, 
232 

supernovae as energy 
sources, 230, 231 

supernovae shells, 232 

total radiative cooling rate, 
223, 224 

upstream flow with high- 
velocity shocks, 225 

UV absorption lines as 
tracers of expanding 
shell, 233 


Local group 


dynamics of, 139, 173-75 


M 


Magellanic clouds 


see Globular clusters in 


galaxies, Magellanic 
clouds 


Martian meteorology, 387-411 


boundary layer, 394-97 
“convective layer”, 395 
eddy viscosity coefficient, 

396 





Ekman layer model, 396 
exchange between surface 
and atmosphere, 395 
extrapolation of terrestial 
boundary with Mars. 
396 
Lander 1 vs Lander 2 
storms, 396, 397 
large-scale slopes, 397 
meridional wind and 
pressure: plot, 394 
turbulent transfer, 396 
Viking entry temperature 
profiles, 395 
zonally averaged cross 
section of tempera- 
ture: plot, 394 
dust and atmospheric 
cynamics, 403-8 
condensation of H,O and 
CO,, 407 
connections between dust 
storms, seasonal- 
sublimation cycle, and 
Martian orbital 
characteristics, 408 
diurnal and semidiurnal 
pressure amplitudes 
from Landers: plots, 
405 
dust properties and 
distribution, 403 
dust storm genesis and 
decay, 406-8 
plots of two dust storms 
from landers, 404, 405 
silicates chief component 
of dust, 403 
time evolution of 
planetwide dust 
storm, 404-6 
internal gravity waves, 397, 
398 
internal gravity wave 
solitary waves, 398 
internal gravity wave 
trains, 398 
severe internal gravity 
waves, 398 
waves in Martian volcano, 
398 
wind profile indicators, 398 
introduction, 387, 388 
atmosphere parameters, 
388 
Viking mission, 387 
past climates, volatile 
reservoirs, and escape, 
408-11 
average outgassing earlier, 
410 
C,O, and N isotopes show 
formerly volatile 
receiver larger, 405 
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convection and large scale 
dynamics, 409 
enrichment of “N, 410 
polar CO, ice, 410, 411 
role of CO,, 410 
warmer and wetter former 
climate, 408 
planetary waves, 398-403 
barotrophic pressure 
troughs, 401 
breaking of tides, 402 
dynamical parameters for 
multilatitude winter 
plot, 400 
forced quasi-stationary 
waves, 401 
geostrophic effects of 
winds, 399 
main tidal components, 
402 
meridional winds plotted, 
399 
planetary thermal Rossby 
Number, 400 
regularity of, 400 
temperature (infrared) 
distribution from 
Viking orbiter, 401 
thermally generated 
diurnal tides, 401-3 
thermal tides, 401-3 
tides enhanced by heated 
dust, 402 
transient waves, 398 
pressure, temperature, and 
zonally averaged wind, 
388-94 
atmospheric temperature 
profiles: plot, 392, 
393 
CO, condensing on winter 


polar caps, 389, 
390 


daily average pressure: 
plot, 405 

diurnal tides, 391 

duct heating effects, 393 

dust storms, 390 

general circulation model 
of winds, 393 

global dust storms, 393 

large-amplitude seasonal 
oscillation, 389 

pattern of meridional 
circulation at solstitial 
seasons, 393 

pressure time variations, 
389, 390 

radiative-convective 
equilibrium models, 
391 

solar radiation absorption 
by dust, 391 


temperature cross section: 
plot, 392 

temperature distribution, 
391, 392 

thermal wind equation, 
392, 393 

traveling storm systems, 
390 

Viking entry temperature 
profiles: plot, 391 

zonal mean winds, 392-94 

small scale phenomena, 
394-98 


Masses and mass-to-light ratio 


of galaxies 
see Galaxies, masses and 
mass-to-light ratio 


Metal nonhomogeneity of stars 


of globular clusters and 
satellite subsystems in 
Galaxy, 309-41 
chemical homogeneity of 
cluster stars vs halo 
stars, 340, 341 
“aging effect” and, 340 
barium abundances, 340 
halo field stars, 340 
halo giants vs cluster 
giants, 341 
metal-rich domain, 341 
chemical homogeneity of one 
cluster vs. another: the 
second parameter 
problem, 337-40 
anomalous metal-poor 
clusters, 338 
CNO group, 338-40 
halo clusters, 339 
light models, 340 
location in spheroidals of 
CNO, 338, 339 
O and CO strengths, 339 
rank-ordering of giants by 
CO strength, 339 
rank-ordering of metal 
abundances of 
clusters, 337 
s-Process, 340 
chemical inhomogeneity in 
stars in globular 
clusters, 325-37 
abundance problems of 
isolated clusters, 325 
calcium abundance 
variation, 330 
carbon converted to 
nitrogen, 332, 333 
carbon handling in CN 
stars, 332 
CH processing, 333 
CH stars, 327, 328 
CN variations, 328, 329 
CNO group in evolution, 
326 
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competition between 
primorial fluctuations 
vs mixing with 
outside material, 336 

contamination 
inhomogeneously by 
external media, 334 

CO variations, 329 

double shell-source (DSS) 
evolution, 326 

evidence for mixing, 
331-334 

evidence for primordial 
variations, 334-37 

explosive nucleosynthesis 
in metal-poor stars, 
336 

Fe peak and light metals 
between CNO group 
and Fe, 327 

Fe-peak variations, 329, 
330 

fluctuations in dwarf 
spheroidal systems, 
337 

helium in evolution, 326 

hydrogen-burning shells, 
332, 333 

interpretation: mixing or 
primordial abundance 
variations, 331-37 

iron enrichment and 
“supernovae”, 335 

light metals between CNO 
and Fe, 331 

luminosity for carbon 
depletion, 333, 334 

meridional circulation in 
stars, 332 

metal-poor cluster stars, 
332 

mixing and classical 
evolutionary theory, 
326 

nitrogen abundance 
unchanged in 
evolution, 328 

nucleosynthetic history of 
light metals, 331 

observational results re 
identity of clusters, 
327 

overabundance of N and 
C, 332 

“primordial” and “mixing” 
indicators, 336 

radial color gradient, 336 

slow neutron flux, 327 

S-process elements, 331 

supernovae as 
contaminants, 334 

Sweigart-Mengel theory, 
333 

total cluster mass, 335 
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variations in CN and NH 
in normal cluster 
stars, 328 
helium abundance 
determinations, 324, 325 
cosmological constraints, 
325 
evolutionary 
considerations, 324 
He/H ratio, 324 
pulsation theory, 324 
metal abundance 
determinations: classical 
methods, 311-24 
age range, 321 
blue-sensitive plates 
depending on (FeH), 
323 
color-color diagrams, 313 
color-color plots for metal 
content: plots, 316 
core rotation, 322 
Dickens type: second 
parameter problem, 
320 
energy distribution for 
typical globular 
cluster giant, 313 
giants: DDO system, 
Washington system, 
methods based on IR 
colors, 312 
Giants: Searle-Zinn 
method, 313 
Hartwick’s, 320 
He abundance range, 321 
integrated cluster light 
yielding spectral 
indices: plot, 323 
line-blocking methods, 
312-18 
low-resolution 
spectroscopy, 323 
metal-abundance 
determinations: 
secondary indicators, 
319-22 
metal abundances (FeH) 
for galactic globular 
clusters: table, 314, 
315 
metal abundances from 
integrated spectra and 
photometric indices, 
322-24 
metallicity range in globu- 
lar cluster stars, 318 
model atmosphere 
calculation of K 
giants, 323 
other direct methods: 
deltas measurement 
for RR Lyraes, 318, 
319 


photometric color indices, 
323, 324 

recently improved 
techniques, 311 

reddening-dependent 
quantities, 319, 320 

sample energy distribution 
of globular cluster: 
plot, 317 

secondary abundance 
indicators: plot, 320 

subdwarfs CBV 
photometry, 312 

theoretical scanner fluxes 
of different metals, 
311 

UV-excesses in cluster 
giants, 312 

“Washington System”, 313 

Whitford reddening law, 
317 


Milky Way 
mass and mass-to-light ratio, 


137-40 


Model atmospheres for 


intermediate and late-type 
stars, 513-46 


convection in stellar 


atmospheres, 537-45 

effects of mixing length 
convection on 
spectrum, 540 

effects on colors of cooler 
stars, 540 

effects on solar continuum, 
541 

effects on spectrum of 
hotter stars, 540, 541 

hydrogen convection zone 
539 

local mixing length 
theories, 538-45 

metallicity dependence, 
540 

nonlocal mixing length 
theories, 542, 543 

non-mixing length 
convection, 543-45 

nonsolar models, 544, 545 

solar models, 544 

structural changes 
produced by local 
mixing length 
convection, 539, 540 

temperature and gravity 
dependence, 539, 540 

two-stream convection 
theories, 543, 544 


departures from local thermo- 


dynamic equilibrium 
(LTE), 531-37 

departures from LTE in 
the atomic lines, 
533-35 





departures from LTE in 
the continua, 531-37 

departures from LTE in 
the molecular 
equilibria, 535 

departures from LTE in 
the molecular line 
spectrum, 535-37 

H and metal bond-free 
continua, 533 

H formation, 531, 532 

metal ionization equilibria, 
532, 533 

model structure and 
departures from LTE, 
534, 535 

extended atmospheres, 545, 
546 

models of such 

atmospheres, 545, 546 
line blanketing, 515-31 

(A/H) and gas pressure, 
521 

“backwarming”, 516-18, 
521, 524 

blanketing effects of stellar 
velocity fields, 525, 
526 

carbon vs nitrogen in, 524 

CNO variables and 
intermediate-type 
atmospheres, 521 

CNO variations and 
intermediate-type 
atmospheres, 521 

CNO variations and 
late-type atmospheres, 
522 

deeper continuum-forming 
layers, 516 

economic factor re model 
building, 526 

effects of changing "C/"C 
ratio, 524, 525 

failure of the ODF 
approximation, 528, 
529 

heating in superficial 
layers, 516 

H,0 role in, 519 

influence of (A/H) on 
atmospheric structure, 
520 

intermediate-type 
atmospheres, 529 

line opacities, 516 

microturbulence effects, 
525 

multiple pickets based on 
opacity distribution 
functions, 528 

opacity sampling, 530, 531 

optical depth scales, 515 
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physics of line blanketing, 
515-19 

quantitive examples of 
line-blanketing effects, 
519-26 

radiative equilibrium, 518, 
519 

straight and harmonic 
mean opacities, 527, 
528 

“super-metal rich” stars, 
521 

“surface cooling”, 516-19, 
522 

surface heating, 519 

surface layers behavior in, 
516, 518 

techniques for computing 
blanketed models, 
526-31 

TiO role in, 519 

M 31 
Andromeda galaxy and, 256 
mass, velocities and 
luminosity of, 174 


N 


Nebulae, gaseous 
emission from, 100-3 
Nebulae, planetary 
rate of formation of, 101 
silicates, graphite and 
amorphous carbon 
silicates in origin of, 102 
Nebulae, spiral 
rotation of, 140 
Neutron star physics 
see Physics of neutron stars 
Novae 
theoretical models for, 104 


oO 


OB star formation 
see Compact H II regions 
and OB star formation 
Oxygen 
isotopes of 
star content of, 28, 29 


P 


Palomar Sky Survey 
photographic storage of data, 
bb 


Photography, astronomical 
see Astronomical photogra- 
phy 

Physics of neutron stars, 

415-40 
equation of state: recent 
developments, 417-29 


abnormal state in pure 
neutron matter, 422 

anti-quarks, 424 

baryon density in early 
universe, 423 

basic quark model, 424 

Brueckner-Bethe-Goldstone 
“nuclear matter 
theory”, 417 

Brueckner theory and, 419 

calculation methods, 417, 
418 

calculations for symmetric 
nuclear matter, 419 

calculations of abnormal 
matter, 423 

cohesive energy magnitude, 
429 

“dispersion correction”, 
418 

effect of prior condensation 
of equation of state, 
420, 421 

energy of quark matter 
calculated, 425 

field theoretic models at 
high density matter 
and the abnormal 
state, 421-23 

finite temperature 
equations of state, 
426-28 

Ginzburg-Landau 
approach, 420 

intermediate states in 
nucleon-nucleon 
scattering, 417 

liquid crystal from 
solidifying matter, 
421 

liquid regime, 417-20 

matter in high magnetic 
fields, 428, 429 

mean field theory model 
modification, 422 

merging of nucleons under 
pressure to liquid 
quark matter, 421 

MIT bag model, 425 

model calculations, 423 

model describing 
high-density matter, 
421 

neutron liquid as 
superfluid, 419 

neutron matter equation of 
state, 421 

neutron star surfaces, 428 

nucleon-nucleon 
interaction, 418 

Pauli exclusion principle, 
428 

pion condensation, 420, 
421 
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pion condensation tending 
to solidification, 420 
pion-condensed state may 
cause isospin, 420 
pressure in final stage of 
stellar collapse, 426 
quark-gluon theory, 424 
quark matter, 423-26 
quarks in neutron matter, 
424 
Reid calculations, 419 
sigma-model, 423 
spectra of atoms in strong 
fields, 429 
stiffening of neutron stars, 
419 
temperature dependences 
of nucleon-nucleon 
interaction neglected, 
427 
two-nucleon scattering 
problem, 418 
Walecka’s model, 422 
introduction, 415-17 
formation of neutron stars 
in supernovae, 415, 
416 
general structure of 
neutron stars, 416 
moments of inertia of 
neutron stars, 416 
pulsars and neutron stars, 
415 
surface luminosity of 
neutron stars, 416 
surface magnetic fields of 
neutron stars, 416 
neutron star models, 429-32 
gravitational mass for 
various equations of 
states: plots, 429, 430 
gravitational mass plotted 
against radius for 
equations of state, 
430, 431 
maximum mass equation, 
432 
Pandharipande-Smith 
mean field theory 
calculation, 429 
Tolman-Oppenheimer-Volk- 
off equation, 429 
nonequilibrium processes, 
432-39 
bremsstrahlung cooling, 
435, 436 
cooling after by photon 
emission, 434, 435 
cooling by neutrino 
emission, 434 
cooling of Crab pulsar, 
434 
cooling of neutron stars, 
434-39 
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cooling processes cooling 
interior, 437 
cooling with superfluid 
nucleons, 435, 436 
dynamical effects, 438, 439 
internal temperatures of 
neutron stars, 434 
large-scale magnetic fields 
in crust, 433 
magnetohydrodynamic 
behavior, 434 
neutron stars interiors 
approximately 
isothermal, 437, 438 
neutron star surfaces, 433 
pion condensation and 
cooling, 437 
proton superconductivity, 
434 
schematic neutron stars 
cooling of interior by 
four processes: plot, 
438 
transport properties and 
hydrodynamics, 433 
434 
Planets 
occultation by, 456, 458 
Planets, ringed 
occultation of planet by ring, 
446, 447 
Polysaccharides 
interstellar dust and, 79 
Preplanetary nebulae 
symbiotic stars and, 14, 15 


R 


Rosemary Hill Observatory 
sealed cassettes of, 65 


Ss 


Silicates 
disordered 
spectral declines and, 101 
interstellar dust and, 79, 80, 
94 
presences in cool IR stars, 12 
Silver 
changes in photographic 
process, 44, 45 
Silver nitrate 
photographic plates 
hypersensitization of, 53 
Spectroscopy 
see Infrared spectroscopy of 
stars 
Stars 
atmospheres of 
composition of, 20-29 
carbon stars, 27, 28 
cool stars, 33-35 


formation of 
dark material and, 376 
OB star formation, 327-80 
hot stars spectra, 31-33 
infrared spectroscopy of 
see Infrared spectroscopy 
of 
mass motions of, 19 
motions of 
rotation curve of, 140 
oxygen-rich giants, 26 
supergiants 
overall flux distribution of, 
34 
Stars, carbon 
organic constituents of, 523, 
524 
Stars, dwarf 
subdwarfs 
metallicity of, 312 
Stars, early-type 
stellar winds and, 283-95 
Stars, evolution of 
equation of state at 
subnuclear densities, 427 
pressure in final stages of 
collapse of, 426 
primary constituents in 
collapse, 426 
Stars, infrared spectroscopy of 
see Infrared spectroscopy of 
stars 
Stars, intermediate and 
late-type stars 
see Model atmospheres for 
intermediate and 
late-type stars 
Stars, late-type 
near-infrared observations of, 
484-90 
Stars, neutron 
maximum possible mass of, 
430 
physics of 
see Physics of neutron 
stars 
Stars, red giant 
chemical element abundance 
in, 317 
Stars, RR-Lynae 
delta S-measurements for, 
318 
Stars, super-metal-rich 
models of, 52 
Stellar occultation studies in 
solar system, 446-72 
atmospheres, 458-66 
central flash, 466 
composition, 463, 464 
extinction, 465, 466 
individual planets reports, 
462 


scale heights and 
temperatures, 458-63 





temperature of Martian 
atmosphere, 460 

temperature profiles, 459, 
460 


tides in, 459 
turbulence model, 459 
introduction, 445, 446 
definition of immersion, 
445 
definition of occultation, 
445, 446 
physical processes involved 
in occultation, 446-50 
“central flash”, 448 
extinction by planetary 
atmosphere, 448 
occultation spikes (records 
reproduced), 449 
occultation without 
atmospheres, 450 
stellar occultation 
geometry and optics: 
plot, 448 
prediction and observational 
techniques, 450-53 
complete set of 
observations of an 
occultation, 452 
path of shadow of 
occulting body, 450, 
451 
photometry of occul- 
tations, 452, 453 
probable error size, 452 
searching for ephemerides, 
450 
signal-to-noise ratio, 453 
two-dimensional intensity 
pattern, 452 
prospects for future work, 
472 
list of actions expected, 
472 
use of occultations, 472 
radii, 453-58 
apparent elliptical figure of 
Pallas, 454 
chord method, singie or 
multiple, 455 
occultation radii for 
planets, 455, 456, 462 
stellar occultation of 
satellites and 
asteroids, 466 
rings, 466-471 
elliptical skape of rings, 
469 


models for rings, 469, 
470 

Poynting-Robertson effect, 
470 

rings of Uranus, 466, 
468-70 
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stellar diameters obtained 
by occultations other 
than moon, 471 
stellar diameters, 471 
occultation and, 472 
occultation of bodies other 
than moon, 471 


Stellar winds, 275-306 


introduction, 275-80 
coronal models of stellar 
winds, 276, 277 

driving mechanism 
theories of stellar 
winds, 277 
early-type stars mass loss, 
277 
Hertzprung-Russell 
diagram for stars with 
mass loss rates 
known, 278 
high-velocity outflows from 
supergiants, 275 
hybrid theories of stellar 
winds, 277 
ionization stages and, 275 
late-type stars mass loss, 
277, 279 
radiative models of stellar 
wind, 276 
rotational speeds, 275 
reviews of recent findings, 
276 
stars having measured 
mass loss rates, 
277-80 
stellar wind theories, 
275-77 
two classes of stars based 
on mass loss, 279 
mass loss from evolved 
late-type stars, 296-306 
acceleration of local 
terminal drift speed, 
305 
chromospheric emission, 
299 
classes of coronae, 301, 
302 
clean vs dirty grains, 298 
coronal winds of G and K 
stars, 300 
destruction of grains by 
sputtering, 306 
domains of mass loss in 
H-R diagram, 299, 
300 
dust column density, 305 
dust-driven winds, 304-6 
grain condensation, 305 
grain-gas collisions, 304 
height at which grain 
effective temperature 
1000 K, 298 


height of grain formation, 
298 
infrared excesses, 297 
Kwok’s theory of total 
opacity, 305 
maser emission, 298, 299 
mass loss domains: figure, 
298 
mass loss domains in H-R 
diagram, 299, 300 
momentum equation for 
dusts, 305 
observational data on mass 
loss, 296-99 
optical spectra and, 296, 
297 
pressure at top of 
chromospheres, 303 
scenario of Mullan, 303, 
304 
silicate bump, 297 
Supersonic Transition 
Locus, 302, 303 
supersonic winds, 302 
visible companions, 297 
processing of stellar 
components by, 32 
stellar wind equations, 
280-83 
approximation used in 
stellar wind theories, 
281 
coronal wind models, 283 
hybrid models derivation, 
283 
purely radiatively driven 
wind theories, 281-83 
stellar winds of early-type 
stars, 283-95 
acceleration important to 
shell, 287, 288 
Auger mechanism high ion 
stages, 295 
depth scale independent of 
line opacity, 288 
empirical models, 285 
final kinetic energy 
luminosity, 286 
graphical solution of 
Castor, Abbott and 
Klein equation, 
289-94 
hybrid model, 294, 295 
infrared continuum 
spectrum, 295 
infrared survey, 293 
ionization in wind, 294 
line driven wind theory, 
286-89 
line profiles of early-type 
stars, 284 
mass loss rates from, 283, 
284 
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maximum loss rate, 286 

multiple resonance shells 
problem, 287 

numerical solution, 291 

observations, 283-85 

Parker solar wind 
equation, 289, 291, 
292 

radiation force multiplier 
(CAK), 288, 289 

radiation transfer through 
shell, 286 

radiatively driven wind 
theory, 285 

relative abundance of 
ionization stages of 
elements, 285 

rotation effects, 293 

semiempirical models, 294, 
295 

shocks in flow, 293 

Sobolev escape probability 
theory, 286 


spectrum-velocity relations: 


figure, 284 
temperature effects, 294, 
295 
“throat” of de Laval 
nozzle, 292 
topology of solutions of 
motion for line driven 
winds: figure, 292 
wind models, 285, 286 
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Sulfur 
role in photographic process, 
convection in, 544 
streams in, 544 
Sun 
magnetic field mapped across 
disk and, 197 
mass density of, 138 
motions affecting Local 
Group, 173-75 
orbital velocity of, 174 
stars of solar continuum 
cooling of, 541 
Supergiants 
dust in, 298 
mass loss rates of, 277, 279 
Supernovae 
interstellar medium and, 236, 
237 
shells of, 231, 232 
Swings, P. 
beginnings, 1-3 
career as an astrophysicist, 
1-7 
Commission 29 (Stellar 
Spectra) of the Inter- 
national Astronomical 
Union, 4, 5 
conclusion of sorts, 6, 7 
names of collaborators, 6 
identification in stellar 
spectra, 3 


major research, 5, 6 

cometary emission near 
gamma-4050, 6 

cometary physics, 5 

Fe III spectra in novae, 3 

first forbidden line in 
comets, 6 

intense cometary emission 
in the neighborhood 
of lambda 4050, 6 

phenomena of twilight and 
aurorae, 556 

Swings bands, 6 

“Swings mechanism” in 
the O-stars with 
emission lines, 6 

unidentified emission lines 
in OF-stars, 3 

university activities, 6 

workers active in astro- 
physical problems, 5 


U 


Universe 
galaxy grouping in, 166 


Vv 


Vega 
highly magnified photograph 
of, 131 








